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DIscussion
We became interested in this problem when we received a CSF specimen with a request for total protein assay. In our laboratory, each CSF protein specimen is assayed without delay in the aca (normal range = 150-450 mg/L). In this case the measured protein concentration was 670 mg/L. Suspecting that this was an inappropriate value for a clear, colorless CSF specimen, we assayed the protein by our manual turbidimetric method and obtained a value of 140 mg/L. After checking the patient's diagnosis and current therapy regimen, we found that the patient was being treated with intrathecal injections of methotrexate for Burkitt's lymphoma. Three days later a second specimen of CSF requiring protein determination was received from the same patient. The following results were obtained: protein by aca, 680 mg/L; protein by the manual turbidimetric method, 120 mg/L; and methotrexate by the Abbott TDx, 8.6 x iO mol/L. As reported by Zweig (2) , the interference by methotrexate in the aca assay for protein in CSF is due to the significant absorbance of methotrexate at the measuring wavelength of 340 run. The drug does not absorb at the correction wavelength of 540 nm.
Thus we designed the experiment described above. Our data indicate that the manual turbidimetric method, unlike CLIN.CHEM.34/10, 2092-2095 (1988) the Du Pont aca, is unaffected by methotrexate concentrations of iO to iO molJL. Consequently, we propose this manual turbidimetric assay with dilute HC1 sample blank as an acceptable alternative method for quantifying protein in CSF in the presence of therapeutic concentrations of methotrexate.
We recommend dilute hydrochloric acid instead of saline as the diluent for the sample blank, to correct for occasional interfering substances that behave as acidbase indicators, i.e., that may produce added color in the mixture finally measured, and also to detect and correct for interference caused by certain drugs that produce turbidity when subjected to an acidic environment. We have used this same manual method for the past six years to assay urinary total protein for patients who have undergone a renal transplant.
Because these patients are on multiple drug regimens, each urine specimen must serve as its own blank. This manual turbidimetric method is recommended because the inclusion of the dilute HC1 sample blank eliminates many of the interferences previously associated with the use of trichioroacetic acid methodology. Identification and measurement of free amino acids in urine is crucial for the diagnosis and the treatment of aminoacidopathies, and has been the subject of numerous reports on newborns, children, and adults (1) (2) (3) (4) (5) (6) (7) . All these reported results except one (6) were obtained with 24-h urine sampling and were expressed as moIJday
Age-Related Reference Values for
(1), molJkg per day (3), pinol per g creatinine (2, 4, 6, 7) , or imoIJmin per 1.73 m2 of body surface area (5) .
Because it is often very difficult to obtain 24-h urine samples from patients, we previously developed the quantification of aininoaciduria in samples of first morning urine specimens and reported age-related reference values for 13 amino acids (6) . The increased sensitivity of amino acid analysis and the better resolution of the new ion-exchange resins motivated us to determine normal values for 26 amino acids, total aminoaciduria, and creatinine in first morning urine specimens from 360 new control subjects divided into nine age groups (40 patients each).
Materials and Methods
Control subjects. All the subjects studied were hospitalized. We excluded premature infants (8,9) and patients with kidney diseases (10) or liver failure (11), known metabolic diseases, or other disorders for which variations of aminoaciduria have been described: e.g., muscular, bone, skin, and eye diseases (12). We also excluded treated patients whose therapy is known to induce abnormal aminoaciduria or methodological interferences (13). All patients were in good nutritional state with a normal protein intake.
Sample collection. The first morning urine specimen (-10-h urine) was collected, with no added preservative, by voluntary bladder voiding or with collection bags if necessary. Creatinine was promptly determined in the Astra 8 (Beckman Instruments, Gagny, 93220, France). Preparation and storage of samples. We added 1 mL of the
20-320
(146)
± 2.9
Ags range (n=0 ubscti In each group) used to check our methods. The control allows us to show similar values for all amino acids between both amino acid analyzers. The mean coefficient of variation for all urinary amino acids was 5%.
Results and Discussion
Of the 40 known peaks detectable by ninhydrin reaction of the chromatographic effluent for normal urine by the above described method, only 26 were measured (Table 1) . They were identified by comparison with a standard mixture on the basis of their retention time and their absorbance ratio at 570 nm/440 nm. Some other amino acids were not measured because (a) they were undetectable (phosphoserine, phosphoethanolamine, 5-hydroxylysine, sarcosine), (b) their measurements were useless to diagnose aminoacidopathies (1-methyihistidine, monomethyland dimethylarginine), (c) their measurements were not informative without using special sampling (anserine, tryptophan, carnosine), or (d) they were not surely authenticated by their 570 nni/440 nm ratio (cystathionine, a-aminoadipic acid). We again expressed each amino acid as a percentage of the sum of the amino acids measured (6) studies (1,5, 7) , we cannot directly compare our values and values reported for 24-h specimens (2, 4, 7) , so we compared the first morning urine with the daily urinary excretion in eight healthy subjects (ages 4-40 years). We found a significant correlation for all the values (r = 0.98, P <0.001). The correlation coefficient (r) ranged from 0.78 (P <0.05) for lysine to 0.98 (P <0.001) for phenylalanine. Values obtained for creatinine (mmol/L) were also well correlated: r = 0.98, P <0.001. Results by the paired t-test were significant only for phenylalanine (t = 3.28,0.01 <P <0.02), the excretion of phenylalanine at night being higher than during the day. We also compared our present results with those obtained in a previous study (6) in which we used the same timed sampling and the same age groups but a different analytical methodology. Similar values were obtained for serine, glutamate + glutaniine, glycine, alanine, cystine, valine, leucine, tyrosine, phenylalanine, and histidine, but the present values are lower for threonine and lysine, which were overestimated in our first study because of the co-elution with glutamine and 3-methylhistidine, respectively. The age-related decreased concentration of the free amino acids (except for taurine and 3-methylhistidine) and the higher physiological variation of glycine, praline, hydroxypraline, and cystine during the first six posthatal months, as we observed in this study, have been widely reported (1-7) . The concentration of taurine in urine decreases between the first and sixth month, then progressively increases until the 13th year. Because renal excretion seems to parallel changes in the dietary intake of taurine (16), we can suppose that the excretion patterns we observed reflect the taurine intake. The large physiological variations observed in the first month are probably ascribable to variations in food intake-most infants are fed with maternal milk, which contains a high concentration of taurine;
the second period (one to six months) is an intermediary period in which maternal milk is replaced by a taurine-poor milk such as cow's milk or powdered milk; after this, the diet becomes rich in taurmne by intake of meat or fish (from six months to adulthood) (16, 17) . The large variations observed within an age class reflects quantitative differences in food intake of different subjects.
Notably, excretion of p-aminoisobutyric acid (-AIB), which has a common reabsorption system with taurine, does not show the same behavior as taurine. Physiological values show also a large dispersion, especially for young children, but we were not able to show in our subjects a clear-cut bimodal distribution between "low excretors" and "high excretors," as has been previously reported by others (18).
Nevertheless,
if the cutoff value between the two groups is considered to be 87 mmol/mol creatinine for children younger than 10 years and 55 mmollmol creatinine for those older than 10 years, as reported elsewhere (18), the frequency of high excretors is 10%. This frequency is very similar to that reported for the Western European population (19).
The excretion of 3-methylhistidine, expressed in millimoles per mole of creatinine, is constant for all age groups. This observation constitutes a good control for our method, because creatinine excretion is related to the muscle mass and 3-methylbistidine to the catabolism of muscle protein (20).
We have been using our values for 32 months in our laboratory to diagnose aminoacidopathies and tubulopathies. We Studied 2775 new patients, of whom 327 were investigated for a possible hyperaminoaciduria. Table 2 summarizes the amino acids excreted in abnormal amounts in different aminoacidopathies.
We also observed 121 hyperaminoacidurias without hyperaminoacidemia. Measurement of numerous biological variables in first morning urine specimens is now widely used. A recent study (21) concluded that the composition of this specimen from apparently healthy subjects adequately reflects the 24-h excretion of the following compounds: sodium, potassium, chloride, creatinine, urea, uric acid, glucose, calcium, inorganic phosphorus, and total protein.
Urinary free amino acids might now be added to this list.
